INTERNI i
KARDIOLOGICKA
‘ KLINIKA i BRrRNOaLFMU

Pokrocila analyza EKG signalu —

nove moznosti predikce morbidity a mortality
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Incidence nahlé srdecni smrti v EU

* EU 249 538 SCD / rok

Incidence Rate Per 100,000 PY:

e EU 343 496 OHCA / rok o
e V\ysSSis vekem, spiSe u muzu
* >50% vSech KV dmrti . &

Incidence of Sudden Cardiac Death in the European Union, JACC, https://doi.org/10.1016/j.jacc.2022.02.041
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EKG zaznam w

4
* Neinvazivni diagnosticky nastroj pro zaznamenavani elektrické aktivity srdce
e Klicova role v detekci abnormalit — arytmie, ischemie a dalSi onemocnéni
e Tradi¢ni analyza EKG je zaloZena na identifikaci zakladnich vin a kmittd P, QRS, T
a jejich vztahu k ,,normalnim“ hodnotam
M 7N 4
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Makroskopicka / mikroskopicka analyza EKG

e Analyza makroelementu - okem vs. mikroelementu - vypocetné
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QRS micro-fragmentation as a mortality predictor, European Heart Journal (2022) 43, 4177-4191
https://doi.org/10.1093/eurheartj/ehac085
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Fragmentace - makrofragmentace QRS komplexu w
4

* Abnormality QRS komplexu reflektuji intramyokardialni poruchy vedeni

* Ne pouze typické blokady, ale prave méne specifické intraventrikularni poruchy

« T QRSd - T rizikovy prognosticky faktor pro nezadouci srde¢ni prihody

* Fragmentace QRS komplexu — vizualni — Spatna progndza nezavisle na QRSd u
vsech populaci

* Vizualni fragmentace QRS — bindrni klasifikace ano/ne bez kvantifikace

. \ * Intra / inter variabilita hodnotitele I
- N\AU/\,qvﬂ/\» * MF v dobé svého objevu naznacily H
s existenci okem neviditelnych abnormalit

,,,,,,

Hnatkova, K., AndrSova, |., Novotny, T., Britton, A., Shipley, M., Vandenberk, B., Sprenkeler, D. J., Junttila, J., Reichlin, T., Schlogl, S., Vos, M.
A., Friede, T., Bauer, A., Huikuri, H. V, Willems, R., Schmidt, G., Franz, M. R., Sticherling, C., Zabel, M., & Malik, M. (2022). QRS micro-
fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177-4191. https://doi.org/10.1093/eurheartj/ehac085
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Fragmentace - mikrofragmentace QRS komplexu w
4

* Koncept neni novy, ale: jiz nékolik desetileti znamo vyuziti spektralni analyzy
e Bez vétSich uspéchu v 10sekundovych 12svodovych EKG

Nova metoda:
1. Projekce 12svodového EKG do optimalizovaného trojrozmérného
ortogonalniho zobrazeni
2. Rekonstrukce signalu 12svodového EKG z ortogonalnich svodu
3. Méreni rozdilu mezi pivodnim a rekonstruovanym signalem - kvantifikace

 Metody rekonstrukce umoznuiji rozliSovat mezi Sumem a uzitecnou slozkou —
lokalizovanym heterogenitam depolarizacni viny

Hnatkova, et al. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—
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Mikrofragmentace QRS komplexu - metoda w

* Cilem je detekovat a kvantifikovat vizualné neviditelné abnormality QRS komplexu
e Vyuzivdme metodu SVD — rozklad na singularni hodnoty (svody |, Il, V1 — V6)

i | e:c ° Filtracesignalu
o st H\ ’[/ "« Detekce pozice, hranic QRS komplexu
—x}\f__,u L4 * Vytvoreni reprezentativniho QRS komplexu
r e Superpozice na stejnou izolinii (matice 8 x n)

s Aplikace SVD — dekompozice na soudin 3 matic
S A st * Projekce hodnot do 8 ortogonalnich alg. svod
standardni 12svodovy S Ve | )y * Z odvozenych svodu nasledné rekonstrukce
e ';d"”;_tg“r‘:g“a.'fh orginalniho QRS komplexu

il <

Hnatkova, et al. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—
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Mikrofragmentace QRS komplexu w

4
* Pismena A-G — jednotlivé kroky béhem analyzy
A \ms B & 3 b 4 E F G A — Superponované QRS na jednu izolinii
il N n B — Komponenty S1 — S8 podle dulezitosti
i | mn i S1-S3 &ervené, , S7-S8 $um x
= A = ¢ Il 2 C — S1-S3 rekonst., 90% puvodniho vykonu
i} «1——&7; T iy ite - 4= D — S1-S6 rekonstrukce
\V/ ‘;’ | E — rozdil mezi pdvodnim a rekonstrukcemi z S1-3
F — rozdil mezi puvodnim a rekonstrukcemi z S1-6
. (E =A-C, F =A-D)
A B c D E F G mF = G = zpramérovana absolutni plocha pod S3-6,
A \ [\ A [\ tedy G=D-C=E-F
g /’ \ sl Al / i '{3 - _ - .
K7 P 7 Kvantifikace: abs. plocha G vuci abs. ploSe A

e

Vycisleno 0,887 vs. 5,754 %

Hnatkova, et al. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—
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Mikrofragmentace QRS komplexu / vysledky studie w
4

* Dobre definované kohorty studii EU-CERT-ICD, VA WASHINGTON a WHITEHALL Il
 EU-CERT-ICD — primarné preventivni impl. ICD mezi 2002-2014, EKG pred impl.
VA WASHINGTON — US muzi — veterdni s ne/ischemickym onem. 1984 - 1991

e WHITEHALL Il study — bézna populace UK statnich zam. 2007 — 2009

e Studie 5 letého preziti a analyzy mnozstvi faktort

e EU-CERT-ICD a VA WASHINGTON - celkova mortalita
 WHITEHALL Il mortalita rozliSend na ne/kardiovaskularni + ne/ischemicka

Hnatkova, et al. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—
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Survivors Non-survivors P-value

EU-CERT-ICD
N 1654 294
Age (years) 64 (55-71) 69 (62-75) <<0.001
Females/males 336/1318 45/249 0.046
Heart rate (b.p.m.) 68.9 (59.8-79.2) 72.9 (65.0-83.9) <0.001
LVEF (%) 26 (21-31) 25 (20-30) <0.001
QRS duration (ms) 128 (112-159) 147 (122-171) <<0.001
QTc (ms) 442 (419467) 452 (428-485) 0.001
TCRT (%) 151.0 (115.5-165.1) 159.9 (142.7-167.4) <<0.001
QRS micro-fragmentation (%) 3.213 (2.386—4.548) 4.188 (3.005-5.598) <<0.001
VA Washington
N 598 162
Age (years) 62 (56-68) 65 (59-69) <0.001
Heart rate (b.p.m.) 72 (61-85) 79 (66-91) <<0.001
QRS duration (ms) 110 (103-119) 112 (104-128) 0.010
QTc (ms) 419 (404-435) 420 (406—449) 0.029
TCRT (°) 102.7 (69.3-140.2) 120.6 (79.9-155) 0.003
QRS micro-fragmentation (%) 2.143 (1.586—3.155) 2.521 (1.736-4.104) 0.001
Whitehall I1*
N 5023 48
Age (years) 65 (61-70) 70 (61-74) 0.001
Females/males 1360/3663 8/40 0.140
Heart rate (b.p.m.) 67 (60-74) 72 (59-78) 0.102
QRS duration (ms) 106 (100-111) 107 (103-114) 0.068
QTc (ms) 423 (412-436) 426 (414—444) 0.126
TCRT (°) 45.3 (28.3-76.3) 744 (38.3-132.8) <0.001
QRS micro-fragmentation (%) 1.944 (1.437-2.645) 2,439 (1.807-3.581) 0.001




Mikrofragmentace QRS komplexu / vysledky studie

4
* Prevalence QRSmMF >3,5% byla mezi EU-CERT-ICD, VA VASHINGTON a Whitehall I
45,7 vs 23,3 vs 10,9%.
Kendall's t coefficients
between QRS micro-fragmentation and other risk factors
EU-CERT-ICD VA Washington Whitehall
T p-value T p-value T p-value
Age [years] 0.098 <0.001 0.049 0.046 0.042 <0.001
Heart rate [bpm] -0.024 0.107 -0.011 0.658 -0.058 <0.001
LVEF [%] -0.104 <0.001
QRS duration [ms] 0.358 <0.001 0.338 <0.001 0.304 <0.001
QTc [ms] 0.240 <0.001 0.156 <0.001 0.071 <0.001
TCRT [deg] 0.087 <0.001 0.141 <0.001 0.060 <0.001
Hnatkova, et al. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—
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Mikrofragmentace QRS komplexu / vysledky studie

EU-CERT-ICD
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Figure 2 For each of the investigated populations, the left panel shows the comparison between distributions of QRS micro-fragmentation
values in survivors (green line) and non-survivors (red line). The distributions were compared by Kolmogorov-Smirnov test (K-S statistics va-
lues shown). The yellow vertical lines mark the 3.5% dichotomy. The right panels show the Kaplan—Meier probabilities of non-survival for sub-
jects with QRS micro-fragmentation <3.5% (green line) and >3.5% (red line). Numbers of subjects at risk are shown below the panel in
corresponding colours. The non-survival probabilities were compared by log-rank test.

Hnatkova, et al. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—
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Mikrofragmentace QRS komplexu / vysledky studie w

Predikce kardiovaskularni mortality

* QRSmF presvédcive ukazuje souvislost i s KV mortalitou
* Silné odliSnosti mezi nizko a vysokorizikovymi pac. v EU-CERT-ICD

= znaci predikci spise srdecniho selhani nez arytmickych pricin

= souvislost s jizvenim, intersticialni fibrosou a subklinickym poskozenim
e Silna predikce mezi neischemickymi pacienty s ICD

Hnatkova, et al. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—
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Mikrofragmentace QRS komplexu / vysledky studie

ORS-1f >3.5%
[45.7%]

QRS-Mf
[32.3%]

QRS-4f > 3.5%
[23.3%]

1.4%

QRS-Mf
[15.2%)]

Hnatkova, et al
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Figure 4 For each of the investigated populations, the scaled Venn diagram on the left shows the proportions of subjects observed. Red circle: QRS
micro-fragmentation >3.5% (QRS-uf >3.5%). Blue circle: QRS macro-fragmentation (QRS-Mf). Violet overlap between the red and blue circle: Both
QRS macro-fragmentation and QRS micro-fragmentation >3.5%. Green reminder of the background circle: No QRS macro-fragmentation and QRS
micro-fragmentation <3.5%. The sizes of the red and blue circles are in proportion of the background circle corresponding to the total population. The
percentages of the categories are shown. The panels on the right show the comparisons between distributions of QRS micro-fragmentation values in
subjects with (blue line) and without observed QRS macro-fragmentation (green line). The distributions were compared by Kolmogorov—Smirnov
test (K-S statistics values shown). The yellow vertical lines mark the 3.5% dichotomy.

. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—-
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Mikrofragmentace QRS komplexu / klinické implikace w

* Vizualni charakteristika MF v hranicnich pripadech sporna
* Pro mF postaci definice hranic QRS (presnost neni kriticka)
* \lypocetni narocnost — nizka = implementace do digitalnich EKG zaznamniku

e Prediktivni sila: nejsilnéjsi z uvedenych
* Prediktor mF neni asociovan s jinymi rizikovymi faktory - vhodné jej kombinovat
(napf. s prostorovym uhlem QRS-T), na vsSe staci bedside EKG

Hnatkova, et al. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—
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Mikrofragmentace QRS komplexu / vyhled w

Pripravenost integrace do EKG screeningu a studii u pac. s KV rizikem
= QRSMF jako pocatecCni ukazatel nasledovany dalsimi modalitami

» Stratifikace neischemickych pac. pro ICD — zvyseni ucinnosti
 Stratifikace hypertoniku, dialyzovanych, diabetiku pro vysi rizika morbidity

e Stratifikace indikovanych k CRT — vyssi synchronie = jednodussi depolarizacni vina v
projekcich do ortogonalnich svodu

* Kvantifikuje jakékoliv odchylky od normalu — v€asna diagnostika intersticialnich
patologii — amyloidosa, sarkoidosa, lipomatosa az po riziko odmitnuti Stépu

Hnatkova, et al. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—
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Mikrofragmentace QRS komplexu / vyhled

Preimplantacni EKG zaznamy

Postimplantacni EKG zaznamy

¢islo pacienta | sitka QRS komplexu (v ms) | hodnota mikrofragmentace (v %) || ¢islo pacienta | sitka QRS komplexu (v ms) | hodnota mikrofragmentace (v %)
1 170 9,86 1 96 8,77
2 160 12,01 2 122 5,11
3 150 8,13 3 142 6,95
4 116 17,28 | 130 15,49
5t 146 13,09 5 118 6,48
6 160 11,12 6 130 7,05
7 182 10,84 7 142 9,02
8 142 10,84 8 134 4,30
9 142 6,97 9 120 6,08
10 144 9,14 10 122 10,63
11 112 9,70 11 102 8,27
Hnatkova, et al. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—
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Mikrofragmentace QRS komplexu / limitace w

* Navrzena dichotomie na hranici 3,5%, jak bylo drive stanoveno u zdravych jedinc
= muze byt upraveno pro analyzované populace

e Zameérné porovnany ukazatele z 10s 12svodovych EKG, jiné nebyly k dispozici

 Budou treba dalsi studie pro rtizné typy mortality

Hnatkova, et al. (2022). QRS micro-fragmentation as a mortality predictor. European Heart Journal, 43(40), 4177—
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Studie na IKK FN Brno w

e ~100 000 ambulantnich EKG od 45 000 unikatnich pacientu
e Data z EMR: diagnodzy, laboratore, klicova slova
 Data z UZIS: mortalitni data, dg. Umrti, ostatni dg.

e Cile: analyza mF na velkém poctu pacientu 250001
* Korelace miry mF podle chorob srdce
* Korelace miry mF podle ostatnich dg.
e Korelace miry mf podle celkové mortality £ 150001
» Korelace podle pfijat/nepfijat k hospitalizaci

20000 -

a[-]

et pac

10000 -

* Spoluprace s dalsimi centry — podobna data 50001
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Zavér w

QRSMF je novy, silny ukazatel KV rizika z objektivni analyzy standardnich 12sv. EKG

QRSmMF je nezavisly prognosticky faktor na drive stanovenych
Ma velky smysl podrobit dalsim studiim

... a ty bézi, Ci se pripravuji s mezinarodni spolupraci s nasi ucasti
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